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The present study describes the effect of combinations of auxin with cytokinin on the callus induction, root induction and direct 
shoot induction from the stem and leaf explants of Justicia gendarussa Burm. f. The response for the induction of callus was 
more vigorous in the medium supplemented with 2, 4 — D or NAA in combination with BAP/Kn compared to the medium with 
IAA in combination with BAP/Kn. The callus induction in the medium supplemented with IAA + BAP/Kn was confined only to 
the cut ends of the explants, while the medium supplemented with 2, 4 —- D/NAA + BAP induced morphologically better callus. 
The histological study of the root inducing callus of J. gendarussa showed the presence of numerous xylem tracheids arranged in 
the form of a ring with a central cavity indicating the tissue differentiation. 
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INTRODUCTION 

Justicia gendarussa Burm. f. is an important 
medicinal plant belong to Acanthaceae and is 
traditionally used in the treatment of fever, 
rheumatism, carbuncles, diarrhea, pains in the head, 
ear, paralysis and bruises [1]. The pharmacological 
studies revealed the antioxidant, anti-arthritic, anti- 
inflammatory, analgesic, antifertility, anticancer, 
hepatoprotective and larvicidal properties [2-4]. The 
in vitro culturing of stem and leaf explants of J. 
gendarussa for the direct and indirect plant 
regeneration have been reported [5-10]. Bhagya and 
Chandrasheakr [9] reported the influence of different 
concentrations of auxins in the induction of callus 
from the stem and leaf explants of J. gednarussa. 


The growth regulators show their influence on the in 
vitro morphogenesis of cultured plant tissues [11]. 
Salma et al. [12] studied the effect of different GR on 
the nodal explants of Rauwolfia serpentina L. and 
observed the optimum callus induction on MS 
medium supplemented with BAP + NAA at the 
concentrations of 0.5 + 2mg/l. The effect of different 
GR on Cananga odorata flower petals was studied 
by Nurazah et al. [13] and observed the induction of 
callus on MS nutrients with B5 vitamins and NAA + 
BAP (3 + 0.5mg/l). The study also showed the role of 
high concentration of NAA with the induction of 
pale, white and friable callus after 1-2 weeks of 
incubation. The effect of plant growth regulators on 
callus induction from different source and types of 
explants have been reported in Catalpa bungei [14], 
Citrus jambhiri Lush [15], Amygdalus communis [16] 
and rapeseed (Brassica napus L.) [17]. In the present 
study, the influence of combinations of auxins and 


cytokinins on callus induction and_ direct 
organogenesis has been studied. 


MATERIALS AND METHODS 

Plant materials and surface sterilization 

The stem and leaf materials of Justicia gendarussa 
were collected from natural forests of Dakshina 
Kannada District, Karnataka, India. The surface 
sterilization of the stem and leaf samples were carried 
out as reported by Bhagya and Chandrashekar [9]. 
The collected materials were washed thoroughly 
under running tap water for 20-30min to remove the 
surface debris and treated with Bavistine for 30- 
45min. The explants were then sterilized with 70% 
alcohol (2min) and 0.1% HgCl2 (8 min). After each 
step, the explants were washed using sterile distilled 
water. 


Effect of combinations of auxin and cytokinin on 
stem and leaf explants 

The sterile explants with ~5cm size were inoculated 
on to MS medium with varying concentrations of 
auxins in combination with cytokinins. The selected 
GR include 2, 4 — D, NAA, IAA, BAP and Kn at the 
concentrations of 0.1, 0.5, 1, 2, and 3mg/l. The 
cultures were incubated at 25+2°C with 16 hrs of 
photoperiod and 40.0+3.0umol m* s" light intensity. 
The cultures were observed at the end of 25-30d of 
incubation for various details such as development of 
callus from mature or immature regions of the 
explants, nature of callus, color/pigmentation of the 
callus, initiation of roots and shoots. 


Histology of root inducing explants 
The explants showing root induction were fixed in 
Carnoy’s ‘B’ fluid (Alcohol: Chloroform: Acetic acid 
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— 60:30:10) and processed through a series of graded 
alcohol from 70% to Ab alcohol keeping 24hr in each 
grade followed by alcohol:butanol (3:1, 1:1 and 1: 3) 
and butanol. The tissues were later embedded in 
paraffin wax and the sections were taken with a 
thickness of 10:m using Leica RM 2145 Microtome. 
The sections were stained using Toludine blue 
reagent. 


STATISTICAL ANALYSIS 

The data presented are the average of three replicates 
with 10 explants in each trial and expressed as Mean 
+ SD. The statistical analysis of all the data were 
carried out using SAS package (version 9.0) and the 
treatment means were compared using Duncun’s 
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Multiple Range Test (DMRT) at a level of 5% 
significance. 


RESULTS 

The stem and leaf explants of J. gendarussa cultured 
on medium supplemented with the combinations of 
auxin and cytokinin showed morphologically 
different types of callus irrespective of the 
concentrations of GR used in the study (Table 1). 


Effect of 2, 4 - D + BAP/Kn on the stem and leaf 
explants 

The medium supplemented with 2, 4 — D in 
combination with BAP/Kn induced a large mass of 
friable, creamish pink colored callus (Fig la & b). 


Table 1. Effect of GR on callus, root and shoot induction from stem and leaf explants of J. gendarussa 


GR Stem Leaf 
Callus Callus color Root Shoot Callus Callus color Root Shoot 
texture induction induction texture induction induction 
2,4-D+BAP/Kn | Friable Creamish and Nil Nil Friable Creamish and Nil Nil 
pink pink 
NAA + BAP/Kn Compact Yellow to dark Yes Yes Compact Yellow to Yes Nil 
green dark green 
TAA + BAP/Kn Compact Yellow to light Yes Yes Compact Yellow to Yes Nil 
green light green 


Fig. 1. a. Callus induction from stem explant on the medium with 2,4-D + BAP/Kn b. Callus induction from leaf explant on the medium with 2,4- 
D + BAP/Kn ec. Callus induction from the stem explant on the medium with NAA + BAP/Kn d. Callus induction from leaf explant on medium 
with NAA + BAP/Kn e. Shoot induction from nodal explant on medium with NAA+ BAP f. Root induction from leaf explant on medium with 


NAA + BAP/Kn 
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The stem explants showed a highest number of callus 
induction (8.50 + 0.70 explants) at 0.5 + 2mg/l 
concentrations of 2, 4 — D + BAP (Table 2). 
Similarly, when the medium supplemented with 2, 4 
— D + Kn at | + 2mg/l concentrations showed a 
highest number of callus induction (9.00 + 1.41 
explants) (Table 2). The leaf explants of J. 
gendarussa showed a maximum callus induction 
(8.50 + 0.71 explants) when cultured on medium 
supplemented with 2, 4 — D + BAP at the 
concentrations of 1 + 1.0/2.0mg/l (Table 2). A 
maximum callus induction (10.00 + 0.00 explants) in 
the leaf explants were observed when cultured on 
medium supplemented with 2, 4 — D + Kn at the 
concentration 1 + 2mg/I (Table 2). 


Effect of NAA + BAP/Kn on the stem and leaf 
explants 


Medium fortified with NAA in combination with 
BAP/Kn induced compact, yellow to dark green 
colored callus (Fig lc & d) and direct shoot 
organogenesis in the stem explants (Fig le) and also 
some of the culture tubes showed the induction of 
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roots in both stem and leaf explants (Fig 1f, Table 3). 
The cultures close to the light were green in color and 
away from the light were more or less yellowish in 
color. The stem explants showed a maximum callus 
induction (9.50 + 0.71 explants) on the medium 
supplemented with NAA + BAP at the concentrations 
of 0.5 + 3mg/l and 3 + 0.5mg/l (Table 3). The leaf 
explants showed a maximum callus induction (9.00 + 
0.00 explants) on the medium supplemented with 
NAA + BAP at the concentrations of 2 + 0.5mg/l 
(Table 3). The stem explants showed a highest 
number of 4.00 + 0.00 explants for root induction in 
the medium supplemented with NAA + BAP at 3 + 
1mg/1 (Table 3). The nodal explants showed a highest 
mean number of 4.00 + 0.00 explants for direct shoot 
induction in the medium supplemented with NAA + 
BAP at 2 + Img/l (Table 3). The leaf explants 
showed a significantly highest number of 4.50 + 0.71 
explants for root induction when cultured on medium 
supplemented with NAA + BAP at the concentrations 
of 2/3 + 0.1mg/l (Table 3). 


Table 2. Effect of GR on callus induction from J. gendarussa stem and leaf explants: 2, 4— D + BAP and 2,4—D+Kn 


2,4-D Number of explants showing callus* (Mean+SD) 
0.1 0.5 1.0 2.0 3.0 
BAP 
Stem 4.50+0.71 >! 5.00+1.41 > 5.00#1.41 > 8.00+1.41 * 6.00+1.41° 
0.1 Leaf 4.50+0.70 P= 3.00+0.00 # 5.00+1.41 ™® 4.00+1.41 >8 7.50+0.71 * 
Stem 7.00+0.00 * 5.50+0.71>¢ 5.50+0.71 ™4 8.50+0.70 * 6.50+0.71* 
0.5 Leaf 4.50+0.71 >& 6.00+0.00 7.50+0.70 * 6.00+0.00 7.00+1.41 * 
Stem 7.50+0.71 * 7.00+1.41° 7.00+1.41° 5.00+0.00 ** 5.00+1.41 ** 
1.0 Leaf 6.00+0.00 * 7.50+0.71* 8.50+0.71 * 8.50+0.71 * 7.00+0.00 * 
Stem 5.50+0.70 > 4.50+0.71 > 6.00+1.41° 5.50+£0.70 4 8.00+1.41 * 
2.0 Leaf 3.50+0.70 *® 2.00+1.41 °® 5.50+0.71 >* 4.50+0.71 >8 3.00+1.41 °* 
Stem 7.00+0.00 * 5.50+0.70 ™4 6.50+0.70 * 6.50+2.12 * 5.50+2.12 > 
3.0 Leaf 2.00+1.41 >& 3.50+0.70 8 6.50+0.70 * 7.00+0.00 * 8.50+0.70 * 
Stem 6.30+1.25 5.50+1.18 6.00+1.15 6.70+1.70 6.20+1.55 
Leaf 4.10+41.52 4.40+2.22 6.60+1.51 6.00+1.83 6.6042. 12 
For Stem: SE/Plot = 1.14, CV (%) = 18.57; For Leaf: SE/Plot = 0.86, CV (%) = 15.53 
Kn 
Stem 8.00+0.00 * 4.00+1.41 '° 2.50+0.71 >* 1.50+0.71 >* 2.00+0.00 
0.1 Leaf 7.50+2.12 4.50+0.71 &° 2.0041.41 > 2.00+0.00 > 3.00+0.00 °° 
Stem 4.00+0.00 >* 2.00+1.41 >* 2.50+0.71 >* 2.00+0.00 >* 0.00+0.00 >* 
0.5 Leaf 1.50+0.70 ** 2.00+1.41 >° 2.50+2.12 >° 2.50+0.70 0.00+0.00 
Stem 4.50+0.71 > 6.50+0.70 © 7.00+0.00 > 9.00+1.41 * 6.00+1.41 ™4 
1.0 Leaf 2.00+1.41 >* 7.00#1.41 ™4 7.00+0.00 4 10.00+0.00 * 9.00+0.00 * 
Stem 7.00+1.41 ° 8.00+0.00 * 8.50+0.71 * 7.50+0.71 * 7.50+0.71 * 
2.0 Leaf 9.50+0.71 * 7.50+0.71 7.50+0.71 6.50+0.70 > 5.50+0.71 ™* 
Stem 1.50+0.71 > 3.50+0.71 >* 4.50+0.71 >* 6.00+1.41 > 7.00+1.41 ° 
3.0 Leaf 6.00+0.00 >@ 5.50+0.70 > 7.0041.41 >4 7.50+0.71 © 7.0041.41 &4 
Stem 5.00+2.49 4.80+2.39 5.00+2.58 5.2043.22 4.50+3.21 
Leaf 5.30+3.40 5.30+2.21 5.20+2.74 5.7043.23 4.90+3.35 


For Stem: SE/Plot = 0.88, CV (%) = 18.02; For Leaf: SE/Plot = 1.02, CV (%) = 19.31 


i Values are the means of three experiments with ten explants each. Values with the different letters indicate significant difference at 


5% level. 
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Table 3. Effect of GR on callus induction from J. gendarussa stem and leaf explants: NAA + BAP and NAA + Kn 


NAA Number of explants showing callus* (Mean+SD) 
0.1 0.5 1.0 2.0 3.0 
BAP 
Stem 5.00+0.00 >* 5.00+0.00 >* 7.50+0.71 4 7.00+0.00 >* 7.50+0.71 4 
0.1 Leaf 7.00+0.00 ° 5.50+0.70 >t 8.00+0.00 * 7.50+0.71 * 7.00+1.41 ° 
Stem 7.00+1.41 > 6.50+2.12 >* 6.00+1.41 ** 8.00+0.00 ™ 9.50+0.71 * 
0.5 Leaf 8.50+0.71 * 7.50+0.71 * 5.50+0.71 >f 6.50+£0.71 > 6.00+1.41 >f 
Stem 9.00+0.00 * 8.00+1.41°° 7.00+1.41 >* 7.00+0.00 °* 8.00+1.41 
1.0 Leaf 8.00+0.00 * 5.00+0.00 >f 6.50+0.71 > 6.00+1.41 >f 5.00+1.41 >f 
Stem 8.00+41.41" 7.50+0.71>¢ 7.00+1.41 '*(40%S) 8.50+0.71 ° 7.00+0.00 > 
2.0 Leaf 8.50+0.71 * (45% R) 9.00+0.00 * 8.00+0.00 * 8.00+1.41 * 7.00+1.41 ° 
Stem 7.00+1.41 '° 9.50+0.71 * 7.0041.41 > 7.50+£0.71 4 7.00+0.00 **(40% R) 
3.0 = Leaf 8.00+0.00 “(45% R) 6.00+0.00 f 5.50+0.71 >f 6.00+0.00 fF 8.50+2.12 * 
Stem 7.20+1.61 7.30+1.83 6.90+1.10 7.60+0.70 7.80+1.14 
Leaf 8.00+0.67 * 6.60+1.58 § 6.70+1.25 § 6.80+1.14 § 6.70+1.70 § 
For Stem: SE/Plot = 1.02, CV (%) = 13.86; For Leaf: SE/Plot=0.92, CV (%)=13.12 
Kn 
Stem 8.50+0.71 * 7.00+0.00 > 8.00+0.00 * 8.50+0.7 1" 6.00+1.41 © 
0.1. Leaf 6.3343.79 ® 9.50+0.71° 10.00+0.00 * 8.50+0.71 ™ 6.50+0.70"° 
Stem 7.50+2.12 * 5.50+0.71% 4.00+1.41 4.00+1.41 * 4.50+0.71 * 
0.5 = Leaf 8.50+0.70 © 2.50+0.71 >™ 6.50+2.12 > 6.00+1.41 >" 3.50+0.70 >™ 
Stem 5.50+0.71 3.00+0.00 2.50+0.71 4.50+0.71 * 5.50+2.12 
1.0 Leaf 4.50+2.12 >! 5.00+2.83 °4 2.50+0.71 >™ 1.00+0.00 >™ 2.0041.41 >™ 
Stem 1.00+0.00 *° 4.50+2.12 *(45%R) 8.00+1.41" 7.50+2.12* 4.50+2.12 (35% S) 
2.0 = Leaf 2.00+1.41 >™ 2.50+0.71 >™ 2.50+2.12 >™ 2.00+0.00 >™ 5.00#1.41 
Stem 5.50+0.71 (45%R) 6.00+1.41 © 5.50+0.71 ° 3.50+0.71 4.50+2.12 
3.0 = Leaf 5.50+0.70 ™(30%R) 4.50+0.71 >! 4.50+0.70 3.50+0.71 >™ 3.0041.41 >™ 
Stem 5.60+2.84 5.20+1.69 5.60+2.41 5.60£2.32 5.00+1.49 
Leaf 5.45+2.88 4.80+2.90 5.20+3.16 4.20+2.94 4.00+1.89 


For Stem: SE/Plot = 1.29, CV (%) = 24.00; For Leaf: SE/Plot = 1.59, CV (%) = 33.62 


= Values are the means of three experiments with ten explants each. Where, R refers to the explants showing root induction in % and S refers 
to the explants showing shoot induction in %. Values with the different letters indicate significant difference at 5% level. 


The stem explants showed a maximum callus IAA in combination with BAP/Kn showed compact 


induction (8.50 + 0.7lexplants) when cultured on the 
medium supplemented with NAA + Kn at the 
concentration of 0.1 + 0.1/2mg/l (Table 3). When the 
leaf explants were cultured on medium supplemented 
with NAA + Kn at the concentration of 0.1 + Img/l 
induced significantly highest mean number of callus 
induction with 10.00 + 0.00 explants (Table 3). The 
stem explants showed a highest root induction (4.50 
+ 0.71 explants) when cultured on medium 
supplemented with NAA + Kn at the concentrations 
of 2 + 0.5 and 3 + 0.1mg/I (Table 3), while the nodal 
explants showed a significantly highest mean number 
of 3.50 + 0.71 explants for direct shoot induction 
when cultured on medium supplemented with NAA + 
Kn at 2 + 3mg/l concentration (Table 3). The leaf 
explants showed a significantly highest mean number 
of root induction from 3.00 + 1.41 explants when 
cultured on medium supplemented with NAA + Kn at 
the concentrations of 3 + 1mg/I (Table 3). 


Effect of IAA + BAP/Kn on the stem and leaf 
explants 


and yellow to light green colored callus (Fig 2a & b). 
The stem explants showed direct organogenesis and 
root induction in the medium supplemented with IAA 
in combination with BAP/Kn (Fig 2c) whereas, the 
leaf explants showed callus induction and root 
induction. The stem explants showed a highest callus 
induction (8.50 + 2.12 explants) when cultured on 
medium supplemented with IAA + BAP at the 
concentrations of 0.1 + 2mg/l (Table 4). The leaf 
explants showed a highest callus induction (8.50 + 
0.71 explants) when cultured on medium 
supplemented with IAA + BAP at the concentration 
of 3 + 0.1mg/I concentration (Table 4). 


The stem explants showed a highest mean number of 
4.50 + 0.71 explants for root induction in the medium 
supplemented with IAA + BAP at the concentrations 
of 3 + 2mg/l (Table 4). The nodal explants cultured 
on medium with IAA + BAP showed direct shoot 
induction with mean number of 3.50 + 0.71 explants 
at the concentration of 0.1 + 2mg/l (Table 4). The 
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stem explants cultured on medium supplemented 
with IAA + Kn at the concentration of | + Img/l 
induced a significantly highest mean number of 2.00 
+ 0.00 explants for root induction (Table 4). The 
nodal explants cultured on medium supplemented 
with IAA + Kn at the concentration of 0.1 + Img/l 
showed significantly highest response (4.50 + 2.12) 
for direct shoot induction (Table 4). 

The response of the explants was more vigorous in 
the medium supplemented with 2, 4 —- D or NAA in 
combination with BAP/Kn compared to the medium 
with other GR. The callus induction in the medium 
supplemented with IAA + BAP/Kn was confined 
only to the cut ends of the explants, while the 
medium supplemented with NAA + BAP at the 
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concentration of 1 +  O.lmg/l — induced 
morphologically better callus (Table 1). 


Histology of root inducing callus 

The histological study of the root inducing callus of 
J. gendarussa showed the presence of numerous 
xylem tracheids arranged in the form of a ring with a 
central cavity indicating the tissue differentiation (Fig 
2d). In these sections, many xylem cells are arranged 
from the central pith region towards the periphery as 
exarch arrangement which developed into actinostele 
with the addition of phloem cells at the outer region. 


Fig. 2. a. Callus and root induction from stem explant on medium with IAA + BAP/Kn b. Callus and root induction from leaf explant on 
medium with IAA + BAP/Kn ec. Shoot and root induction from nodal explant on medium with IAA + BAP/Kn d. Histology of root inducing 


callus 
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Table 4. Effect of GR on callus induction from J. gendarussa stem and leaf explants: [AA + BAP and IAA + Kn 


IAA Number of explants showing callus* (Mean+SD) 
0.1 0.5 2 3 
BAP 
Stem 0.00+0.00 >* 6.00+1.41 © 4.00+1.41 > 8.5042.12 *(35%S) 7.50+3.54 * 
0.1 Leaf 2.50+0.71 >¢ 3.00+1.41 > 2.50+0.71 2.50+0.71 4 2.00+1.41 
Stem 3.50+0.71 >* 6.00+1.41 * 5.50+0.71 * 3.50+0.71 >* 3.00+0.00 >* 
0.5 Leaf 3.00+0.00 > 3.50+0.71 > 1.50+0.71 4 2.50+0.71 4 5.00+1.41 
Stem 3.00+0.00 * 3.50+0.71 &* 4.00+0.00 2.50+0.71 >* 3.00+1.41 * 
1 Leaf 6.00+0.00 © 5.50+0.71% 3.50+0.71 4 3.00+41.41 4 3.50+2.12 rd 
Stem 2.00+0.00 °* 3.50+0.71 >* 5.50+0.71 3.50+0.71 &* 4.00+1.41 ** 
2 Leaf 3.00+0.00 >¢ 5.00+0.00 4 6.00+0.00 * 8.00+0.00 * 6.50+2.12 
Stem 6.50+0.71 °(45%R) 5.00+1.41 ™4 5.00+0.00 > 5.00+1.41 >“ 6.00+0.00 *° 
3 Leaf 8.50+0.71 * 6.00+1.41 © 5.50+0.71 * 3.50+0.71 4 6.50+2.12 © 
Stem 3.00+2.26 * 4.80+1.48 * 4.80+0.92 * 4.60+2.41 * 4.70+2.31 # 
Leaf 4.60+2.46 4.60+1.43 3.8041.87 3.90+2.33 4.70+2.31 
For Stem: SE/Plot = 1.19, CV (%) = 27.21; For Leaf: SE/Plot = 1.11, CV (%) = 25.78 
Kn 
Stem 0.00+0.00 (20% R) 5.00+2.83 6.50+3.54(45% S) 5.50+0.71 4.00+1.41 
0.1 Leaf 5.00+1.41 4.50+2.12 8.00+1.41 5.00+2.83 4.00+2.83 
Stem 2.00+0.00 4.00+1.41 5.00+1.41 6.50+0.71 3.00+0.00 
0.5 Leaf 2.00+1.41 3.00+1.41 4.00+1.41 4.50+2.12 3.00+1.41 
Stem 4.00+1.41 5.00+1.41 6.50+0.71 3.50+2.12 5.00+0.00 
1 Leaf 3.00+2.83 4.50+0.70 6.50+0.71 6.00+0.00 7.00+0.00 
Stem 3.50+2.12 5.00+1.41 4.50+0.71 6.00+1.41 5.50+2.12 
2 Leaf 7.50+0.71 8.50+0.70 5.50+0.71 6.00+1.41 5.50+2.12 
Stem 6.00+2.83 5.00+0.00 3.00+1.41 5.00+2.83 3.50+0.71 
3 Leaf 5.00+1.41 6.00+1.41 7.00+1.41 6.50+0.71 8.00+0.00 
Stem 3.10+2.47 § 4.80+1.32 * 5.10+£1.97 * 5.30+1.70 * 4.20+1.32 § 
Leaf 4.50+2.37 5.30+2.21 6.20+1.69 5.6041.51 5.50£2.32 


For Stem: SE/Plot = 1.66, CV (%) = 36.78; For Leaf: SE/Plot = 1.56, CV (%) = 28.70 


* Values are the means of three experiments with ten explants each. Where, R refers to the explants showing root induction in % and S 
refers to the explants showing shoot induction in %. Values with the different letters indicate significant difference at 5% level 


DISCUSSION 

The callus obtained from the stem and leaf explants 
of J. gendarussa in the medium supplemented with 2, 
4 - D in combination with cytokinin showed the 
formation of friable callus with pink color while, the 
callus obtained in the medium with NAA/TAA alone 
or with cytokinin was cream, light yellow and green 
colored. In Pulsatilla koreana Nakai, the medium 
supplemented with Kn produced soft, light green 
callus after two weeks of incubation [18]. The callus 
obtained from Ruta graveolens in the medium 
supplemented with NAA was compact and yellow 
colored which later converted to greenish yellow 
upon transfer to medium containing NAA + BAP 
[19]. The callus obtained from the nodal and leaf 
explants of Phyllanthus amarus was dark green, 
nodular and hard on medium with BAP and TDZ, 
whereas loose and pale green on medium with Kn 
[20]. Similar results were observed in the present 
study also. The development of pink colored callus in 
the medium supplemented with 2, 4 — D might be due 
to the production of anthocyanins in the callus. The 
formation of green colored calli of Solanum 
tuberosum in the medium supplemented with NAA 
and BAP was also reported by Shirin et al. [21] and 


similar result was observed in the present study as 
well. Based on the results obtained in different plant 
species and from the present study, it is clear that 
different growth regulators have varying effects on 
the nature of callus its texture and color. The 
combination of auxin with cytokinin induced rooting 
in the protoplast derived calli of Pyrus communis L. 
[22], stem/ leaf derived callus of Heliotropicum 
indicum L. [23] and Brynopsis laciniosa L. [24]. 
Similarly, in the present study also some of the 
cultures of J. gendarussa stem and leaf explants 
maintained at higher concentrations of NAA or IAA 
in combination with BAP or Kn led to the induction 
of roots. The callus obtained from the nodal and leaf 
explants of Phyllanthus amarus on MS medium 
supplemented with IAA and NAA was off-white and 
friable and produced numerous roots whereas, callus 
produced on the media fortified with 2, 4 - D was 
yellowish and loose without any root formation [20]. 
The induction of direct shoots from the nodal 
explants was reported in the members of Acanthaceae 
viz. Adhatoda vasica Nees [25], Beloperone 
plumbaginifolia (Jacq.) [26]. The direct shoot 
proliferation from the nodal explants when cultured 
on medium supplemented with combinations of NAA 
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with BAP/Kn was also reported in J. gendarussa by 
Johnson et al. [5], Agastian et al. [6], Bushrabi et al. 
[7] and Janarthanam and Sumathi [27]. Almost 
similar results were observed in the present study 
also. 


The histology of root inducing calli of J. gendarussa 
showed the presence of numerous xylem tracheids. 
The cultures showing rhizogenesis at different 
concentrations of GR were reported in Vitis rupestris 
du Lot [28], Vigna radiata W. [29] and opium poppy 
[30]. In the present study also many xylem cells were 
arranged from the central pith region towards the 
periphery as exarch arrangement, probably, with the 
addition of phloem cells at the outer region, this may 
develop into actinostele. 
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